PERSPECTIVE
Strategies for the management of microbial keratitis Bruce D S Allan, John K G Dart Microbial keratitis results from a complex interaction between a protean array of pathogens and a diversity of host responses. The variability of these factors has hampered the development of simple management guidelines that will ensure an optimal outcome for most cases; a consequence of this has been the use of an extensive range of culture media in initial investigation, toxic levels of antibiotic treatment, and constant clinical review, all of which may be unnecessary. The simplified initial management strategies described here are designed to provide effective treatment for the majority of cases, and to identify the point of failure when referral for specialist management may be indicated. A systematic approach to the further management of cases in which initial therapy has failed is also given. These recommendations have been developed to be both practical and safe. Presentation Microbial keratitis is rare in the absence of predisposing factors.1 2 Prominent risk factors include: contact lens Figure 1 A preferred pattern8 for inoculating solid media is illustrated schematically above. Each scraping is wiped across the media surface in a column offive or six curvilinear streaks. Columns A to C each represent a separate inoculum. Rows 1-5 represent successive applications of the same debrided material. Corneal scraping is normally performed using unpreserved topical anaesthesia (preservatives may interfere with bacterial growth in culture). Slough and debris are clearedfrom the ulcer surface. A 21 gauge needle is then used to debride the ulcer edge or the ulcer base (purulent debris is less likely to contain live organisms than tissue from the interface between visibly involved and normal stroma). Debrided material is spread in a thin layer over slides, which may be left to air dry. Further scrapings are used to inoculate culture media. Care should be taken not to break the gel surface when inoculating agar plates. Pending examination by a microbiologist, slides and the patient's contact lens cases and cleaning solutions, if available, should be refrigerated (4°C). Agar plates (and any liquid media) should be placed in an incubator (35-37C).
wear3 (especially overnight wear),4 trauma, and ocular surface compromise (for example, herpes simplex keratitis, exposure, corneal anaesthesia, bullous keratopathy, etc).
Infection should be anticipated in epithelial defects in immunocompromised patients or those using topical steroid medication. Corneal infiltration by leucocytes, indicating the presence of infection, is inhibited in these situations, and microbial keratitis can present as a nonhealing epithelial defect or an exacerbation of a stromal melting condition. Conversely, bacterial keratitis (but not amoebic keratitis) is unusual in the absence of a corneal epithelial defect. Multifocal peripheral infiltrates in contact lens wearers or marginal infiltrates without an overlying epithelial defect are usually a sterile immunological reaction to bacterial antigen deposition in association with contact lens case or lid margin colonisation. 5 6 Initial investigation Corneal scraping (Fig 1) , for diagnostic cultures, and intensive topical antibiotic treatment are indicated wherever microbial keratitis is suspected.7 8 Beyond its diagnostic value, scraping may accelerate disease resolution by enhancing antibiotic penetration9 and the therapeutic debridement of necrotic tissue. Baseline indices of disease severity should probably be recorded after, rather than before, scraping (Fig 2) . Confusion may otherwise arise in relation to the size of the corneal epithelial defect during subsequent monitoring of disease progression. No reports exist of endophthalmitis occurring in bacterial keratitis without perforation. Anterior chamber and vitreous taps may introduce infection and are not normally helpful where perforation is absent.
Pre-prepared scraping and treatment kits should ideally be available in the emergency room. Routine scraping kits (1) the dimensions of the lesion -recording the maximum length and the width of the epithelial defect and the subjacent infiltrate in two orthogonally placed axes with an indication of their orientation; (2) an estimate of the maximum stromal thinning -expressed as a percentage of normal corneal thickness, together with an indication of the location of maximal thinning within the lesion; (3) the height of any hypopyon, and the extent of any anterior chamberfibrin deposition and cellular reaction. Pain is an important subjective index of disease progression. Baseline examination should also include a full assessment of ocular surface integrity with special consideration offactors such as lidfunction, the tear film, and corneal sensation. Clinical review is, at best, only a loose guide to the point at which the comea has been sterilised after the initiation of intensive therapy.7 Sterilisation almost certainly precedes epithelial healing and the resolution of inflammatory signs; and preservative or agent related toxicity may delay epithelial healing where intensive topical treatment is prolonged.
Antibiotic treatment in this context is designed either to sterilise the comea (intensive therapy) or to prevent superinfection (prophylaxis). We would suggest that initial therapy in microbial keratitis may be divided into two distinct phases with clearly defined points for clinical review and decision making: a limited period of intensive antibiotic treatment designed to sterilise the comea (phase 1 -sterilisation) (Fig 3) ; and a second period in which therapy is aimed at limiting further inflammatory damage, preventing superinfection, and promoting epithelial healing (phase 2 -healing) (Fig 4) . 21 27 These data suggest that ofloxacin should be as effective as ciprofloxacin for bacterial keratitis and further studies will clarify the role of these drugs in streptococcal keratitis and the optimal dosage schedules.
Phase one -sterilisation Although it is probably impossible to specify a dose frequency and duration for intensive topical antibiotic therapy which will always guarantee sterilisation, hourly administration for 5 days (Fig 3) (Fig 5) .
Repeat scraping At repeat corneal scraping an expanded array of solid and liquid culture media should be inoculated, aiming to accommodate a broad spectrum of possible organisms (Table 2 ). Ficker et al 12 have described a comprehensive strategy for microscopy and culture in microbial keratitis. A minimum of two slides should be inoculated, although up to four slides may be helpful to allow a variety of end stains. The order in which solid and liquid culture media are then inoculated will be dictated by clinical suspicion, with media conducive to the culture of the more likely organisms being inoculated first (Table 2) .
Suspected early acanthamoebic keratitis is a special case. Acanthamoebae grow well within the corneal epithelium, and where features suggestive of acanthamoebic infection are present (a history of contact lens wear, corneal epitheliopathy, perineural infiltrates, limbitis, and pain), corneal epithelial biopsy is the investigation of choice.14 This is performed at the slit-lamp using unpreserved topical anaesthesia. In acanthamoebic keratitis, the corneal epithelium is often only loosely adherent to the underlying stroma, and can usually be debrided easily as an intact sheet. This epithelial specimen is divided, placing one half in fixative (for example, 10% formal saline) for histological examination, and the other half in normal saline for culture. Subjacent stromal infiltrates may then be scraped and inoculated on slides and culture media as above.
Pending the availability of definitive culture results from repeat scraping, a brief diagnostic trial of specific therapy directed at the most likely isolate, based on the clinical and 35 With careful analysis of serial sections from an adequate biopsy specimen, using a sequential staining strategy, it should be possible to exclude treatable infective corneal pathology with a high level of confidence.35 Bacteria, fungi, and protozoa can all be visualised using conventional light microscopic techniques; and immunohistochemical methods may be used to exclude treatable viral infectionprincipally herpes simplex keratitis.
The results of histological analysis are normally available within 48 hours, whereas culture of fastidious organisms may take several weeks. '2 34 In an experimental comparison of histological examination and culture in comeal biopsy specimens from rabbits with fungal keratitis, histology provided a positive identification of the infecting organism in every case whereas cultures were only positive in 70-80% depending on the infecting organism.36 Positive culture results provide useful additional information, however (for example, antimicrobial sensitivities), and another advantage of corneal biopsy is that enough material is available to inoculate a wide variety of culture media.
Corneal biopsy is the definitive investigation in progressive microbial keratitis. Although irregular astigmatism is a likely sequel to the biopsy of central and larger peripheral lesions, unresolved progressive keratitis has a catalogue of additional complications. An aggressive approach when considering the indications for corneal biopsy is therefore probably justified.
Biopsies should be planned in consultation with pathologists to ensure specimen handling and fixation is optimal, and performed using an operating microscope. Topical anaesthesia is usually adequate. To optimise culture results, anaesthetic drops should be unpreserved and forniceal irrigation during antiseptic preparation should be avoided.
An important secondary role of biopsy is debridement of necrotic tissue. This in itself can be a significant aid to healing. Biopsies should thus aim to excise the lesion in total (excisional biopsy); although the visual axis should be spared where it is not grossly involved (incisional biopsy). A 1 mm margin of macroscopically uninvolved tissue should be included, where possible, to ensure that the active edge of the ulcer is sampled (Fig 6) 7 Strategies for the management of urgent referrals with threatened or actual perforation in microbial keratitis. These aim to allow the completion of medical therapy without resorting to hot penetrating keratoplasty.
occur. It is important to formulate a strategy that allows for this possibility, but avoids procrastination in the management of histology negative keratitis. The differential diagnosis at this point lies between unresolved inflammation after effective corneal sterilisation; autoimmune keratitis (for example, rheumatoid disease, Moorens ulcer, etc); other causes of sterile keratitis (ocular surface disease, anaesthesia, exposure, deliberate self harm, etc); and a false negative biopsy. In the absence of clear evidence to the contrary (for example, autoimmune disease), it is probably reasonable to attribute histology negative keratitis to unresolved inflammation. Treatment should enter a healing phase, terminating the diagnostic trial of specific therapy after 5 days, maintaining antibiotic prophylaxis and aiming to optimise the ocular surface environment, with further review after 1 week, or sooner if disease progression has been rapid. Histological examination of biopsy specimens has been shown to exclude fungal infections in particular with a high degree of sensitivity.36 It should therefore be safe to add topical steroid medication in most cases after a negative biopsy.
Continued progression after 1 week of therapy directed at promoting resolution of inflammation and epithelial healing suggests either a false negative biopsy, new superinfection despite prophylaxis, or autoimmune keratitis. (Fig 7) . Unless culture and sensitivity results clearly suggest that antimicrobial treatment has been inappropriate, this should be continued for a full 5 day course to complete the sterilisation phase of initial therapy where the anterior chamber remains formed. Broad spectrum systemic antibiotic cover (for example, ciprofloxacin 500 mg twice daily orally) should be added where perforation has occurred.
Microperforations often seal spontaneously, and while the anterior chamber remains deep, no additional intervention is indicated. If the anterior chamber shallows, a therapeutic contact lens may tamponade the leak successfully. If this is going to work, it should do so quickly, and review after 1 hour will determine whether an attempt at corneal gluing is indicated. Only where gluing fails should corneal grafting be considered in an inflamed eye.
Corneal gluing Cyanoacrylate glue can be used to seal perforations up to buys time, allowing the completion of medical treatment, the resolution of inflammation, and non-urgent penetrating keratoplasty.
A variety of cyanoacrylate analogues have been in ophthalmic use since the early 1960s.42 They are monomers in the liquid form which polymerise rapidly at room temperature after contact with water or a weak base, setting within 1-2 seconds. To reduce toxicity in relation to degradation products, the longer chain cyanoacrylates are preferable, and the quantity of glue applied should be minimised. 44 The technique used depends on the size of the perforation. For microperforations (<0-25 mm), a minute quantity of glue (Fig 8A) applied directly with the tip of a 30 gauge needle may suffice. This can be performed at the slit-lamp under topical anaesthesia using a needle to debride the epithelium around the perforation and an absorbent microsurgical sponge to dry the target area immediately before glue application. Iris adherent to a microperforation does not require reposition, since this usually occurs spontaneously once the anterior chamber reforms. Re-examination after 1 hour should reveal complete reformation of the anterior chamber if gluing has been successful.
For larger perforations or those associated with active infection, a patch technique is often required (Fig 8B) . Epithelium and necrotic stroma are debrided around the perforation. A small disc of polythene from the nonadhesive portion of a sterile surgical drape, large enough to cover the perforation with a 1 mm surround, is punched out using a 3-4 mm skin biopsy trephine. This patch is picked up using a cyclodialysis spatula dipped in water soluble gel (for example, K-Y gel -the gel prevents any adhesion between the patch and the spatula). The dry undersurface of the patch is then covered in a thin veneer of cyanoacrylate adhesive applied through a 30 gauge needle beneath the microscope. Immediately after drying the target area, the glue patch is applied. Light pressure is maintained until polymerisation beneath the patch is complete (this is easily visible).
The corneal patch gluing technique can often be performed successfully at the slit-lamp; but an operating theatre environment may be preferable where iris adhesion is extensive. Viscoelastic and air injected through the perforation can be used to reposit adherent iris and minimise aqueous leakage during the procedure. 45 The amount of viscoelastic used should be minimal, since viscoelastic prolapsing through the perforation may interfere with subsequent adhesion.
Although degradation products may have some antibiotic effect, polymerised glue may also become a focus for infection, and secondary microbial keratitis is a well recognised complication of comeal gluing.42-44 Comeal glue may also encourage stromal neovascularisation, increasing the risk of rejection for a subsequent penetrating keratoplasty. So while gluing may be of great value in helping to avoid an emergency graft, a cogent argument can be made for proceeding to early elective glue removal after the resolution of inflammation and, where necessary, penetrating keratoplasty; rather than simply waiting for the glue to detach spontaneously. Short term antibiotic prophylaxis is indicated while the glue remains in situ.
Emergency penetrating keratoplasty Relatively good results have been obtained from therapeutic penetrating grafts performed for microbial keratitis with up to 73% of grafts remaining clear after a variable period of follow up (1 month to 9 years).40 Hill The prognosis for emergency grafting deteriorates for grafts greater than 9 mm,40 and progressive stromal vascularisation would also significantly increase the risk for graft rejection.4' 46 While emergency grafts should be avoided where possible, early elective penetrating keratoplasty should be considered, before healing is complete, in cases of central indolent or progressive keratitis if the lesion can be encompassed by a standard sized graft.
Failure to seal a perforation with cyanoacrylate adhesive in active keratitis is an absolute indication for penetrating keratoplasty, since irreversible synechial angle closure and secondary glaucoma will result if the anterior chamber remains flat, and there is a significant risk of spontaneous expulsive haemorrhage in the inflamed hypotonous eye. Nevertheless, to minimise the risk of recurrent infection at the graft edge, we advocate at least 48 hours of intensive broad spectrum antibiotic treatment before grafting in patients presenting with a perforation in a previously untreated eye.
In contrast with lamellar keratoplasty, in which recurrence of infection at the graft-host interface is common,41 therapeutic penetrating grafts have a high rate of clinical success in eliminating infection where macroscopic excision of the involved area is complete.30 4041 There is thus a strong case for commencing intensive preoperative anti-inflammatory treatment once the decision to perform an emergency graft has been taken. 32 40 Hourly topical steroids should be added along with prednisolone (60-80 mg) orally. Systemic cyclosporine A may also be indicated where comeal stromal vascularisation is already present or for large eccentric grafts. To modulate the risk of steroid enhancement in progressive fungal keratitis, adjunctive anti-inflammatory treatment may be withheld until 24 hours of intensive antimicrobial treatment have been completed.
Unless the area to be excised at penetrating keratoplasty can easily be contained within a standard graft diameter, a whole fresh eye should be prepared as the donor.30 For lesions involving the periphery, one third of the limbus should be spared wherever possible to avoid subsequent graft failure in association with limbal insufficiency.30 Fresh donor limbal tissue may be included in the graft where more extensive limbal excision is necessary.
Macroscopically uninvolved tissue adjacent to the lesion may harbour microscopic infection. Urgent postoperative histological examination of the excised specimen is useful to assess whether disease clearance is complete, and to identify or confirm the pathogens involved. 30 40 Prophylaxis An important element in the management of microbial keratitis is the minimisation of risk factors for subsequent infection during or after healing. Nylon comeal sutures should be removed electively and not left to degrade, since broken sutures are a common focus for infection,4749 and any predisposing ocular surface disorder should be treated.
The position with regard to using antibiotic prophylaxis in the presence of a chronically unstable corneal epithelium ( 
